Abstract. Alginate matrix tablet of diltiazem hydrochloride (DTZ), a water-soluble drug, was prepared using sodium alginate (SAL) and calcium gluconate (CG) by the conventional wet granulation method for sustained release of the drug. The effect of formulation variables like SAL/CG ratio, drug load, microenvironmental pH modulator, and processing variable like compression force on the extent of drug release was examined. The tablets prepared with 1:2 w/w ratio of SAL/CG produced the most sustained release of the drug extending up to 13.5 h. Above and below this ratio, the drug release was faster. The drug load and the hardness of the tablets produced minimal variation in drug release. The addition of alkaline or acidic microenvironmental modulators did not extend the release; instead, these excipients produced somewhat faster release of diltiazem. This study revealed that proper selection of SAL/CG ratio is important to produce alginate matrix tablet by wet granulation method for sustained release of DTZ.
INTRODUCTION
In recent years, biopolymers have received increased attention as excipients in pharmaceutical formulations as they are derived from natural sources, do not require organic solvents for processing, are easily available, and are amenable to chemical modifications (1) and thus offer many important functional properties to formulations (2) . Sodium alginate (SAL), a hydrophilic biopolymer obtained from brown seaweeds, has been found to be highly promising in this respect because of its high biological safety (3) . Chemically, SAL is a polysaccharide composed of varying proportions of D-mannuronic acid (M) and L-guluronic acid (G) residues which are arranged in MM or GG blocks interspersed with MG blocks (4) . In addition to its use as a thickening, gel-forming, and colloidalstabilizing agent in food and beverage industries, it is also used as binder in tablet formulation (5) . Its unique property of forming water-insoluble calcium alginate gel through ionotropic gelation with Ca 2+ ions in a simple and mild condition has made possible to encapsulate both macromolecular agents (6) (7) (8) and low-molecular-weight therapeutic agents (9) (10) (11) . Although current uses of alginate-based devices are mainly related to encapsulation of various agents, matrix tablets containing SAL as release-retarding agent have drawn more attention as they are easy and economical to prepare using the common tabletting procedures (5, 12, 13) .
Most of the investigations relating to alginate matrix tablets involve the preparation by direct compression of drug, SAL, and a source of Ca 2+ ion like calcium gluconate (CG), calcium acetate, or calcium chloride with or without a secondary viscosity modifier like carbopol 934 or hydroxypropyl methylcellulose (HPMC). When such tablets come in contact with aqueous medium, in situ gelation takes place through ionotropic gelation between SAL and Ca 2+ ion and diffusion of drug occurs through the gel matrix. However, there are different kinds of reports on the effect of Ca 2+ ion on drug release from alginate matrix tablets prepared by the direct compression method.
While Giunchedi et al. (12) reported an increase in ketoprofen release with increase in the concentration of CG in alginate matrix tablets, Nokhodchi and Tailor (14) reported that lower concentration of calcium chloride provided faster release of theophylline particularly in the initial hours and higher concentration retarded the drug release. In both cases, addition of HPMC as a viscosity modifier provided better sustained release profiles of the drugs. Bayomi et al. (13) reported that release of theophylline decreased as the concentration of CG in the tablet, prepared by moistureactivated dry granulation method, was increased in the presence of carbopol as a viscosity modifier.
Besides the dry granulation and direct compression methods, wet granulation is another established and widely used method of tablet manufacture. This method may provide a greater possibility of more efficient ionotropic gelation reaction between SAL and CG than either direct compression or dry granulation method and thereby may result in better sustained release tablet.
The purpose of this study was to prepare sustained release matrix tablets using SAL and CG by the conventional wet granulation method and to evaluate the effect of formulation and processing variables on drug release. Diltiazem hydrochloride (DTZ), a highly water-soluble drug, which is used for the treatment of angina pectoris (15, 16) , arrhythmias, and hypertension, has been selected as a model drug as it is characterized by a short biological half-life and requires frequent administration (17, 18) .
MATERIALS AND METHODS

Materials
DTZ was obtained as a gift sample from Stadmed, Kolkata, India. SAL, CG, magnesium stearate, citric acid, sodium bicarbonate, sodium hydroxide, and potassium dihydrogen phosphate were purchased from S.D. Fine-Chem, Mumbai, India. All materials were of laboratory reagent grade and used as received. Double-distilled water was used throughout the experiment.
Preparation of Matrix Tablet
DTZ, SAL, and CG (passed through #60 mesh screen) were mixed in a stainless steel bowl. The powder blend was moistened with the required amount of water and then granulated using #18 mesh screen. The granules were dried at 60°C for 2 h and the moisture content of the granules as measured using the IR Moisture Meter was found to be confined within 0.85% to 1.2%. The dried granules were then passed through #22 mesh screen, mixed with magnesium stearate, and compressed into tablet using a flat-faced 10-mm punch in a ten-station rotary minipress tablet machine (RIMEK, Karnavati Engineering, Gujarat, India). The tablets were prepared under the following conditions:
1. Keeping the amount of drug (90 mg) constant, the ratio of SAL/CG was varied (tablets F1 to F6). 2. Keeping the amount (90 mg) of drug and SAL/CG ratio (1:1.5 w/w) constant, hardness (3.5 to 5.5 kgf) of the tablets were varied (tablets F7 to F10). 3. Using various amounts of SAL and CG, the ratio (1:1.5 w/w) of SAL/CG was kept constant and hardness was maintained at 4.5 kgf, the drug load (60 to 120 mg) was varied (tablets F11 to F13). 4. Keeping the amount (90 mg) of the drug and SAL/CG ratio (1:1.5 w/w) constant, the amount of NaHCO 3 (1% to 4% w/w; tablets F14 to F17) or the amount of citric acid (0.85% to 6.4% w/w; tablets F18 to F21) was varied.
The composition of the tablets is shown in Table I . Each formulation containing about 100 tablets were prepared in duplicate.
Physical Testing of Tablet
Weight variation test (using Precisa Electronic Balance, model XB 600M/C, Switzerland), thickness measurement (using Digimatic Caliper, model CD-6″CS, Mitutoyo Corporation, Japan), hardness test (using Monsanto type hardness tester), and friability test (using Friabilator, Veego, Mumbai, India) were done following the usual methods.
Potency Test of Tablet
Ten tablets were weighted and powdered in a glass mortar. A quantity of the powder equivalent to about 20 mg DTZ was transferred into a 100-ml volumetric flask and 50 ml USP phosphate buffer (PB) solution (pH 6.8) was added. The stoppered flask was shaken for 24 h in a mechanical shaker and volume was made up to the mark with the buffer solution. The mixture was filtered and an aliquot following suitable dilution was analyzed at 237 nm using a spectrophotometer (model UV-2400 PC series, Shimadzu, Japan) for DTZ content and finally potency of the tablet was determined using a calibration curve constructed using PB solution of pH 6.8. The reliability of the above analytical method was judged by conducting recovery analysis at three levels of spiked drug solution in the presence or absence of the polymer and the excipients and for three consecutive days. The recovery averaged 98.93±2.15%.
Morphological Examination of Tablet
A tablet was placed in a Petri dish and immersed in 75 ml 0.1 (N) HCl solution (pH 1.2). The liquid was removed carefully after 2 h with a syringe, and a photograph of the tablet was taken with a digital camera fitted with zoom lens (NIKON COOLPIX L18, Japan). The same tablet was again immersed in 75 ml of USP PB solution (pH 6.8). Liquid was removed after 2 h and a photograph of the tablet was taken.
In Vitro Release Study
In vitro drug release study was carried out in acidic solution 0.1 (N) HCl (pH 1.2) for an initial 2 h followed by in USP PB solution (pH 6.8) using USP II dissolution rate test apparatus (model TDP-06P, Electro Lab, Mumbai, India). One weighed tablet was placed in 900 ml acidic solution (37± 1°C) and rotated with paddle at 100 rpm. After 2 h, the acidic solution was removed carefully and replaced by 900 ml buffer solution (37±1°C). Aliquot was withdrawn at different times and replenished immediately with the same volume of fresh solution. The withdrawn samples following suitable dilution were analyzed spectrophotometrically at 236 nm for acidic solution and 237 nm for buffer solution. The amounts of drug released in acidic medium and PB solution were calculated from the calibration curves drawn, respectively, in 0.1 (N) HCl and PB solution (pH 6.8). Each release study was duplicated.
Fourier Transform Infrared Analysis
Fourier transform infrared (FTIR) spectra of pure DTZ, physical mixture, and powdered tablet (F4) were recorded in FTIR spectrophotometer (Perkin-Elmer model RX-1, UK). The samples were mixed with KBr and converted into pellets at 600 kg pressure using a hydraulic press. The spectra were taken in the wavelength region of 4,500-450 cm −1 .
Differential Scanning Calorimetry
Differential scanning calorimetry (DSC) thermograms of DTZ, physical mixture, and powdered tablet (F4) were obtained in the following way: a weighed amount (4.8 to 6.2 mg) of a sample was kept in hermetically sealed aluminum pan and heated at a scan speed of 10°C/min over a temperature range of 30-300°C in a differential scanning calorimeter (Perkin-Elmer model Pyris Diamond TG/DTA, UK) which was calibrated against indium. The chart speed was 10 mm/min. DSC thermograms were also obtained in an atmosphere of air in a differential scanning calorimeter (DTG-60H, Shimadzu, Japan) under similar operating conditions.
X-Ray Diffraction Analysis
The qualitative X-ray diffraction analysis (XRD) studies were performed using an X-ray diffractometer (Miniflex Gonimeter, Japan) .Pure DTZ, physical mixture, and powdered tablet (F4) were scanned from 0°to 60°diffraction angle (2θ) range under the following measurement conditions: source, Kb-filtered Cu-Kα radiation; voltage, 30 kV; current, 15 mA; scan speed, 1°C/min.
Statistical Analysis
Each formulation was prepared in duplicate, and each analysis was duplicated. The effect of formulation variables on drug release was tested for significance level by using analysis of variance (ANOVA, single factor) with the aid of Microsoft® Excel 2003. Difference was considered significant when p<0.05.
RESULT AND DISCUSSION
DTZ matrix tablets were prepared by wet granulation method using SAL and CG to entrap the drug in calcium alginate matrix formed through cross-linking reaction between SAL and CG in the presence of water. The composition of the tablets is shown in Table I . Physical testing of the tablets revealed the following information: the weight of the tablets was confined within ±5% of the average weight, thickness varied from 3.64 to 3.77 mm with MSD 0.20% (n=10), and the maximum friability found was 0.81%. The variation in drug content from the labeled amount was less than ±5%.
FTIR spectra of DTZ showed the characteristics bands of >C=O lactam, >C=O acetate, and N-H, respectively, at 1,680, 1,741, and 2,363 cm
. The spectra obtained from the physical mixture of SAL, CG, pure drug, magnesium stearate, and the powdered tablet indicated the presence of the characteristic bands of the drug almost at the same wave numbers (Fig. 1) .
The DSC curves of DTZ, physical mixture, and powdered tablet (F4) obtained under nitrogen atmosphere are shown in Fig. 2a . A sharp endothermic peak corresponding to the melting point of DTZ was found at 212°C. The endothermic peaks of the drug in physical mixture and tablet were found almost at the same temperature (213°C and 215°C, respectively).The physical mixture, however, showed an endothermic peak at 178°C followed by an exothermic peak at 205°C. This could be due to the mass loss of CG. Another exothermic peak appearing at 247°C was due to the degrading of SAL. In addition to the thermal events observed for the physical mixture, the tablet showed another endothermic peak at 68°C which could be due to loss of water associated to the hydrophilic groups of SAL When DSC studies were carried out under atmospheric condition, no significant change in thermal behavior was noted (Fig. 2b) . While DTZ showed a melting endothermic peak at 210.4°C, the same peak was seen in the physical mixture and tablet at 208°C and 215°C, respectively. The DSC scan obtained by both methods showed no major peak change, indicating that DTZ was still in crystalline form in the tablet. A small shift of the peak of the drug obtained from the tablet towards high temperature may be attributed to the rigidity induced by the formation of calcium alginate gel matrix in the tablet during wet massing stage. The XRD diffractograms of DTZ, physical mixture, and the powdered tablet are shown in Fig. 3 . The XRD pattern of DTZ clearly indicated its crystalline nature. The crystalline nature of the drug was also maintained in the physical mixture and tablet, although the intensity of the peaks obtained from the tablet was reduced.
The results of FTIR and DSC studies confirmed the absence of any interaction between drug and excipients and that of the XRD study indicated that no polymorphic transformation of the drug took place during tabletting by wet granulation process.
Drug release study which was carried out in acidic medium for the first 2 h showed a rapid release ranging from about 50% to 68% depending on the SAL/CG ratios in the tablets (Fig. 4a) . The release of drug from all the tablets appeared to be almost the same up to 1 h and can be accounted for the burst release. Burst release from SAL matrix tablet are quite obvious, particularly in acidic medium, as no diffusion barrier capable of controlling the influx of dissolution medium into the tablet and efflux of drug from the tablet are formed. At the second hour, the termination point of the dissolution study in acidic medium, the release from F1 and F6 tablets were higher and that from F2 to F5 tablets appeared to be almost the same. However, ANOVA (one criteria) test of the amount of drug released at the second hour and t 50% (the time required for 50% drug release) from F2 to F5 tablets showed a significant difference (p<0.05; Table II ). For the determination of actual order of drug release, area under the curves (AUCs) up to 2 h were calculated from the release profiles using the trapezoidal rule and the release of drug was found to follow the order: F1>F6>F2>F3>F4>F5. This means that the drug release from F1 tablet, which was prepared with the highest SAL/CG ratio, was the fastest and decreased as the ratio of SAL/CG in the tablets decreased. After a certain ratio of SAL and CG, the release again increased. Following the dissolution study in acidic medium for 2 h, the tablets were placed in PB solution of pH 6.8, and the drug release was found to be extended for different periods depending upon the SAL/CG ratio in the tablets (Fig. 4b) . While F1 tablet released 100% of the drug in 4 h, the drug release from F5 tablet was the slowest and completed in 13.5 h. Calculation of AUCs from 2 h to complete release indicated that the release of drug from different tablets followed the same order (F1>F6>F2>F3>F4>F5) as that found in acidic medium (Table II) .
The above results are partly in agreement with the observations of Nokodchi and Tailor (14) for theophylline release from SAL/CaCl 2 matrix tablets prepared by the direct compression method. They reported that, at a low concentration of CaCl 2 , the drug release was faster and, as the concentration of CaCl 2 was increased, the drug release decreased. Besides the particle size, viscosity grade, and M/G ratio of SAL (5), the extent of cross-linking that depends on the ratio of SAL/Ca 2+ ion and the change of pH of the dissolution medium may considerably influence the drug release from alginate matrix tablets. In contact with acidic solution, SAL is converted into alginic acid which although water-insoluble, swells in water and may act as tablet disintegrant. The amount of free SAL and that of calcium alginate formed during the wet massing stage of tablet preparation were, respectively, the highest and the lowest in F1 tablet. When the tablet was placed in acidic solution, free SAL was converted into alginic acid. Since calcium alginate does not swell appreciably in acidic solution, a large amount of alginic acid made the tablet swell. Figure 5a shows the fate of F1 tablets which were kept in static condition in acidic medium for 2 h. The tablet swelled and cracks/fractures developed throughout the matrix. Under agitation during the dissolution study, the tablet disintegrated rapidly, exposing a large surface area of the tablets to dissolution medium and resulting in rapid a drug release. As the ratio of SAL/CG in the tablets decreased, the amount of free SAL decreased and that of calcium alginate increased. Consequently, swelling and formation of fractures or cracks in the tablets decreased ( Fig. 5b-f ) and the drug release gradually decreased. The slowest drug release from F5 tablets indicates that all of the SAL was converted into calcium alginate. Although calcium alginate is insensitive to acidic solution (19) , it does swell to some extent (11) and thus provides slow release of the embedded drug. The F6 tablet, which was prepared with the lowest SAL/CG ratio, is expected to have SAL completely converted into calcium alginate and to provide the slowest release of the drug. Surprisingly, the F6 tablet provided faster drug release that was next to the F1 tablet. Probably, excess CG acted as a channeling agent to provide faster drug release (12) .
Subsequent placement of the alginate matrix tablets in a solution of higher pH may lead to reconversion of alginic acid to SAL (5) that forms gel in presence of water. In addition, calcium alginate, which is insensitive to acidic medium, swells in aqueous medium having higher pH and then undergoes erosion due to breakdown of gel structure. At higher pH, ion exchange takes place between the gel-forming Ca 2+ ions and Na + ions of the dissolution medium (20) . As the Ca 2+ ions are exchanged, electrostatic repulsion between the carboxylate anion of alginic acid accelerates the swelling and erosion of alginate gel (21) . However, the degree of swelling and erosion is dependent on the degree of cross-linking between SAL and ions. When larger amount of CG was used in tablet formulation, more Ca 2+ ions became available to bind with SAL during the wet massing stage of tablets preparation. As a result, a better and stronger gel was formed. Although at low concentration of Ca 2+ ion calcium alginate matrix is formed, the gel is neither strong nor sufficient enough to delay the penetration of dissolution fluid into the tablet matrix. As the concentration of Ca 2+ ions increases, stronger gel of calcium alginate is formed that delay the influx of the dissolution medium and the efflux of the dissolved drug out of the matrix. As a result, drug is released in a more sustained manner as the ratio of SAL/CG was decreased.
The physical characteristics of the tablets indicated that, although the compression force was kept constant, the hardness of the tablets increased from 3.7 kgf (for F1 tablet) to 5.5 kgf (for F6 tablet), although the thickness of the tablets was almost the same (3.7 mm). Bayomi et al. (13) also reported that increase in the concentration of CG resulted in an increase in hardness of the granules prepared by moistureactivated process and the tablets prepared with harder granules by direct compression method resulted in decrease in release of theophylline. Figure 5g , h shows the appearance of F1 and F2 tablets which were kept in acidic solution for 2 h and then the liquid was carefully removed with a hypodermic syringe and replaced with PB solution. The cracks and fractures, which were developed in acidic medium due to the presence of a relatively large amount of free alginic acid, almost disap- peared. Instead, a gel layer was found to be formed surrounding the core of the tablets and the gel layer began to erode from the tablet surface. Although not quantitative, the erosion of the tablets tended to decrease as the ratio of SAL/CG in the tablets decreased ( Fig. 5i-l) . DTZ tablets (F7-F10) having a potency of 90 mg and containing a SAL/CG ratio of 1:1.5 w/w were prepared at various compression force to impart hardness of the tablets from 3.5 to 6.5 kgf, and the drug release profiles are represented in Fig. 6 . The release profiles of the drug from the tablets having hardness of 3.5 to 5.5 kgf appeared to be almost overlapping. Although ANOVA test of the AUCs (Table III) revealed a significant difference (p < 0.05; Table III), the effect of compression force on drug release appeared to be minimal. However, the tablet having the highest hardness (6.5 kgf) tended to release the drug more slowly at every time point studied. Increase in compression force should reduce the tablet porosity and, hence, decrease the drug release. Various researchers have studied the effect of compression force on drug release from various matrices (22) (23) (24) and reported a minimal effect of compression force on drug release. Liew et al. (5) stated that the formation of a gel barrier around a matrix tablet controls the drug release behavior. Therefore, drug release is expected to be more closely related to the porosity of the hydrated gel layer which is independent of the dry matrix porosity. Significant decrease in drug release from tablet prepared at the highest compression force studied indicates that, above a certain critical hardness, dry matrix porosity does play an important role probably affecting the imbibition of dissolution fluid into the tablet.
The effect of drug load (90 to 120 mg) on drug release was studied with tablets (F11-F13) prepared using a SAL/CG ratio of 1:1.5 w/w and the same compression force (tablet hardness was varied from 4.2 to 4.5 kgf) to eliminate the effect of gel strength of calcium alginate and hardness of the tablets on drug diffusion. Figure 7 indicates that the tablet having higher potency tended to release the drug marginally faster, although ANOVA test on AUCs (Table III) showed a significant difference (p<0.05). The higher the drug load in a tablet, the higher the concentration gradient and, therefore, drug diffusion through the gel layer becomes faster, resulting in faster drug release. The marginal increase in drug release with increase in drug load might be due to a slight decrease in hardness (4.5 to 4.4 kgf) of the tablets, although the thicknesses of the tablets were almost the same (3.8 mm).
In order to reduce the burst release of the drug in acidic medium from alginate matrix tablets, inclusion of sodium bicarbonate (NaHCO 3 ) as pH modifier has been suggested. While Sriamornsak et al. (3) stated that the addition of NaHCO 3 produced a more basic microenvironment that created the most favorable condition for calcium alginate formation, Ching et al. (25) stated that, in addition to pHmodifying effects, carbon dioxide generated from the reaction between NaHCO 3 and hydrochloric acid formed a physical gas barrier that resulted in reduction in drug release. DTZ tablets (F14-F17) having a potency of 90 mg were prepared using SAL/CG in a ratio of 1:1.5 w/w and 1-4% w/w of NaHCO 3 by wet granulation method keeping the hardness of the tablets constant (5.3-5.6 kgf). Dissolution study showed that release of DTZ in acidic medium was not delayed; instead, 51.4% to 56.6% of the drug was released in 2 h. Subsequently, place- ment of the tablets in PB solution resulted in a total release of more than 80% in 1 h (Fig. 8) . Variation in the concentration of NaHCO 3 in the tablets did not produce any appreciable change. This means that addition of NaHCO 3 could not prolong the drug release in acidic medium; instead, faster release even in comparison to the release from tablets prepared under identical condition without bicarbonate (tablet F4) was evident. It is possible that, when tablets containing bicarbonate are placed in acidic dissolution medium, acid-base reaction takes place instantaneously, leading to effervescence, which may make the tablets highly porous, encouraging increased influx of the dissolution medium into the tablets. Subsequent placement in PB solution caused rapid erosion of the tablets leading to faster drug release, although the hardness of the tablets containing NaHCO 3 were higher (5.6 kgf) than those of the tablet not containing NaHCO 3 (F4 tablet, 4.5 kgf hardness). Figure 5m shows that tablet containing NaHCO 3 swelled in acidic medium to a great extent and presence of bubbles was also noted. The porous tablet eroded rapidly when placed in PB solution (Fig. 5n) .
Alternatively, if the microenvironmental pH inside the tablets is kept acidic, it is expected that solubility of CG in water will increase and hence CG will ionize to a great extent to supply more Ca 2+ ions for binding with SAL. This may result in more prolonged drug release. DTZ matrix tablets (F18-F21) containing 90 mg DTZ, SAL and CG in a ratio of 1:1.5 w/w, and citric acid in variable amounts (0.85% to 6.40% w/w) were prepared and the release profiles of the drug from such tablets are shown in Fig. 9 . The release of drug up to 5 h from the tablet which was prepared with the lowest amount of citric acid was almost same to that from the tablet prepared under identical condition without citric acid (F4). After 5 h, a marginal decrease in drug release was evident. On the other hand, increase in the concentration of citric acid further accelerated the release of the drug in spite of increase in hardness from 3.9 to 5.6 kgf.
The acidic environment produced by citric acid to form denser calcium alginate matrix might have been offset due to the following reasons. Generally, organic acid are incorporated in hydrophilic matrix tablets to increase solubility of weakly basic drugs in alkaline medium. The organic acids decrease the microenvironmental pH and improve the solubility of weak bases and thereby increase the drug release (26, 27) . Thus, solubility of DTZ, which is a weak base, might have increased by the addition of citric acid, resulting in faster release in PB solution. In addition, organic acids also increase the release of weakly basic drugs by acting as pore formers in tablet matrix (26) . Figure 5o , p shows the appearance of the tablets containing 0.85% w/w citric acid in acidic solution and PB solution. No gross change in appearance of the tablet in two media was evident.
CONCLUSION DTZ tablets were prepared by wet granulation method using SAL and CG in various ratios and using different hardness, drug load, and pH modifiers. FTIR and DSC studies demonstrated the absence of drug-polymer interaction. Powder X-ray diffractometry study showed no change in crystallinity of the drug, although the intensity of the peaks in the diffractogram was found to be reduced. In vitro drug release study in gastrointestinal fluid indicated that the release of drug prepared with the highest SAL/CG ratio was the fastest and decreased as the ratio of SAL/CG in the tablets decreased. However, after a certain ratio of SAL/CG, the release again increased. The effect of compression force on drug release appeared to be minimal. Similarly, increase in drug load did not produce any significant change in drug release. Incorporation of either NaHCO 3 or citric acid as pH modifier could not reduce the initial burst release; instead, both the excipients tended to increase the drug release.
Results of this study indicate that sustained release alginate matrix tablet of DTZ, a highly water-soluble drug, can be prepared by wet granulation method simply by optimizing the ratio of SAL and CG. The change in neither the formulation variables nor the process variable were found to better prolong the drug release for extended periods of time except the ratio of SAL/CG that formed calcium alginate gel matrix during the wet massing of the tablet-manufacturing method. 
